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Preface

This investigation was performed under the Corps of Engineers’ Flood
Plain Management Services Authority at the recuest of the State of New
Hampshire. The Flood Plain Management Authority is contained in Section
206 of the Flood Control Act of 1960 which authorizes the U.S. Ammy Corps
of Engineers "...to compile and disseminate information on floods and
flood damages. ..and to provide engineering advice to local interests for
their use in plamning to ameliorate the flood hazard."

The Dam-Break Analysis study presented in this report was prepared
under contract by Storch Associates of Boston, Massachusetts and
Manchester, New Hampshire. Any questions concerning this report should be
addressedtothethemlefoftheﬂydmlogymgmeerugswticnofthe
Corps of Engineers, New England Division. . _
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© CRYSTAL LAKE DAM
DAM-BREAK FLOOD ANALYSIS

INTRODUCTION AND PURPOSE

This report presents the findings of a dam~break flood analysis
performed for Crystal Lake Dam. Its purpose is to provide
quantitative information for emergency planning use. The dam is
owned, operated and maintained by the Water Resources Board of New
Hampshire. Included in this report is a description of the pertinent
features of the dam, the procedure used for the analysis, the assumed
dam-break conditions and the resulting effects on downstream flooded
areas. This study was not performed because of any known likelihood
of a dam-break at Crystal Lake Dam.

DAM DESCRIPTION

Identification No. NHO0269

Name of Dam: Crystal Lake Dam

Town: Enfield

County and State: ' Grafton County, New Hampshire
Stream: Crystal Lake Brook

Watershed: Mascoma River -

Basin: Connecticut River

Crystal Lake Dam is located an Crystal Brook and creates an impound-
ment primarily used for recreational purposes. During the winter
months, the pool is lowered toc provide some control over snow melt and
stormwater runoff. Crystal Lake Dam is a 170 1inear foot long earth
dam with concrete abutment walils and a stone spillway with concrete
facing upstream. There are timber flashboards on the spiliway crest.
The principal spillway is 50 linear feet long, 16.5 feet high and has
5.5 feet of low level outlet. The outlet works structure consists of
a mechanically operated timber gate. The dam is classified as being
intermedfate in size with a maximum storage of 4,840 acre-feet and
significant in hazard classification. The dam has been restored as
recommended in the Phase I Inspection Report dated November 1978,

PERTINENT DATA

a. Drainage Area The drainage area above the Crystal Lake Dam
consists of approximately 13.2 square miles of rolling, heavily
wooded hills. The periphery of Crystal Lake is comprised of
wooded area with some residences located near the reservoir.
Elevations in the watershed range from 2,020 to 890 feet MSL.

The major tributary draining into Crystal Lake is Bicknell Brook
which is approximately 5 miles long with a vertical drop over its
length of about 500 feet. _



Elevation (ft.'ébove MSL) based on elevation of 892.0 for the
spillway crest as obtained from existing data.

(1) Streambed at centerline of dam:
(2) Maximum tailwater:

(3) Diversion tunnei:

(4) Recreation pool:

(5) Normal winter pool:

(6) Spillway crest:

(7} Design surcharge:

(8) Top dam:

. . Spillway

(1) Type:

{2) Length qf weir:

(3) Crest elevation:
(4) thes: _
(5) Upstream channel:

(6) Downstream channel:

Reservoir (miles)
(1) Length of maximum pool:
(2) Length of recreational pool:

(3) Length of winter pool;

875.5
Unknown
None
892.0
884.0

- 892.0

Unknown

897.5

Broad crested
vertical drop §p111way

50 ft.

892.0

None

Erysta] Lake

The downstream channel is
a boulder strewn stream
bed with many small
diameter. trees on each
bank. Approximately 300
feet downstream from the
dam, the channel has a
debris dam consisting of
washed down trees and
branches.

1.50
1.50
1.45



Storage (Acre-Fé;t)

(1),
(2)
(3)
(4)

Reservoir Surface (acres)

Recreation pool:

Winter pool:

Spillway crest pool:

Top of dam:

(1) Recreation pool:

(2)
(3)

Discharge at Dam Site

(1)
(2)

(3)
Dam
(1)
(2)
3)
(4)

(5)

(6)
(7)
(8)
(9)

Winter pool:

Spillway crest:

Spillway capacity with water at
top of dam (with flashboards):

Spiliway capacity with water at
top of dam (without flashboards): 1,950 cfs

2,720
1,300
2,720
4,840

378

340
72

1,850 cfs

The maximum discharge at this dam site is unknown.

Type:
Length:
Height:
Top width:

Side slopes:

Zoning:.

Impervious core:

Cutoff:

Grout curtain:

stone, earth, concrete
170 ft. (overall)
22 ft.. (maximum)

10" wall, 21 foot earth
fi11 section

US = vertical;
0§ = variable
unknown

concrete retaining wall
concrete wall

none



i. Diversion and Regulating Tunnel - None

3. Requlatery Qutlets

The regulating outlet consists of a wooden, mechanically
operated, control gate having an effective opening of 4.0 feet by
4.0 feet. The invert of the gate opening (884.0) is such that
the water level of Crystal Lake may be lowered 8 feet from its
spillway crest elevation (892.0) which is about 3 feet above the
original channel bed.

VALLEY DESCRIPTION

Lrystal Lake Dam 1s located in the Town of Enfield, New Hampshire,
approximately six and one-half miles upstream from the headwaters of
Mascoma Lake. Below Crystal Lake Dam, Crystal Lake Brook flows in a
generally northerly direction for approximately three miles to its
confliuence with the Mascoma River in Canaan, New Hampshire.

The 3t miles of valley downstream of the dam consist of meadows of
varying widths adjacent to the stream edge. Immediately downstream of
the dam is a settlement of new homes, built after the 1978 Phase I
Report, which are in close proximity of the brook. The channel siope
is moderate to moderately flat. :

At the 2.8 mile mark at the Town of West Canaan, which is a
significant population center in this area, the channel snakes along a
railroad bed and enters a corrugated metal pipe culvert located in
the railroad embankment. This creates a damming effect which will
result in a back-up of. water into the upstream meadow area.

The channel, having merged with the Mascoma River, passes under a
series of three bridges at the 4.1 mile mark. At this point, the
right overbank is a cultivated/residential area, while the left bank
consists predominantly of meadows. The oversized bridges and overbank
meadow conditions do not create significant damming effects at this
location.

Between the 4.1 mile mark and the point at which the river empties
into Mascema Lake (6.5 miles downstream of the dam), the valley
consists of meadows until the Town of Enfield, a large population
center, where cultivated/residential areas are located on each
overbank. The channel in this area has been modified and rebuilt
several-times.

MODEL DESCRIPTION

The Crystal Lake Dam dam-break analysis was performed using the
Microcomputer Versfon 9-86 of "DAMBRK": The National Weather Service
DAM-BREAK Flood Forecasting Model 7-18-84. This microcomputer version
is a transference from Dr. D.L. Fread's main frame version. The
analysis option utilized was "“Subcritical Dynamic Routing" for a
single dam and input consisted of:

-5=-



(a)
(b)
(c)

(d)

Storage characteristics of the reservoir
Selected dam breach geometry, and duration

Surveyed geometry and observed characteristics of downstream
valley presented in cross=-sections and by selected Mannings "n"
coefficients along with initial inflows.

Active and inactive flow regions of the study reach. Based on
the input data, the model computes the dam-break outflow
hydrograph and routes it downstream. Dynamic routing of outflow
hydrograph through entire reach of downstream valley is performed
by a "honing" iterative attenuation process governed by the
requirements of both the principles of conversation of mass and
momentum. The analysis provides output on the attenuation of the
flood hydrograph, resulting flood stages, and timing of the flood
wave as it progresses downstream. ‘

ASSUMED DAM-BREAK CONDITIONS

The magnitude of a flood resulting from the hypothetical failure of
Crystal Lake Dam is a function of many different parameters including
size of breach, initial pool level and storage, rate of breach
formation, channel and overbank roughness, and antecedent flow
conditions. Engineering assumptions of conditions which could be
reasonably expected to exist prior to a failure of Crystal Lake Dam,
were used in the flood analysis as presented below:

(1)

(2)
- (3)

(4)
(5)

(6)

Initial Pool Level: 896.5 feet MSL, 4.5 feet abave top of

spiliway crest and 1.0 foot below top of dam.

Breach Invert: 878.0 feet MSL.

Breach Base Width: 57 feet; vertical side slopes (1.0 vert: 0.0
Horiz.) . .

Time to Complete Formation of Breach: 0.8 hour

Downstream Channel Rodghness Coefficient: Manning‘s g =
0.04 to 0.06. '

Pre-Breach Flow: The pre-breach river flow was assumed equal to

the March 1936 flood of record. Inflow into Crystal Lake was
estimated to be 1,650 cfs (125 cms). With an outflow of 1,487
cfs. At the confluence of Crystal Lake Brook and Mascoma River
an inflow of 8,000 cfs was added.



RESULTS

The resulting peak stage flood profiles, timing of the peak stage and
leading edge of the flood wave are shown on plate no. 2. Because of
the scarcity of good topographic mapping in the area, profiles are
shown in feet above normal summertime (July - August) low water (NLW).
Users of the information can establish depth of flooding at particular
properties by establishing its relative elevation with respect to the
adjacent stream level. Variations in depth above NLW progressing
downstream, are attributable to changes in natural stream hydraulic
capacity as well as changes in peak discharge.

The maximum dam-break water surface etages and maximum flows vs. time
from start of dam failure are presented on plates 3 and 4 for selected
stations of interest at mile 1.0, 2.8 and 6.5 downstream from Crystal
Lake Dam. .

Thae breach and pre-breach peak flows throughout the study reach
resulting from Crystal Lake Dam breach are shown on plate no. 5.

The peak dam~break discharge from Crystal Lake Dam was computed to be
15,667 cfs producing a rise of 11.01 feet and peak flow of 14, 963 cfs
at a point 1. 0 mile downstream from the dam.

The peak discharge decreases to 8,662 cfs with an attendant rise of
stage of 20.04 feet at mile 2.8 below dam just upstream from the
confluence with Mascoma River, which is contributing with a peak flow
of 8,000 cfs. The combined peak flow at 4.10 miles was computed to be
15,476 cfs, which produces a rise of 18.79 feet.

"At mile 6.5 below the dam the discharge is 15,273 cfs producing a rise
of 9.36 feet over NLW stage. This rise will be during a storm
‘condition assuming peak stage at Mascoma Lake W.$. Elevation 759.0.

The natural valley storage above miles 2.8 and 4.1 has a significant
effect on reducing the peak dam-break flood discharges.
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APPENDIX A
INPUT DATA FILE



CRYSTAL LAXE DAM

Ie8.

1.5
396.5

0.0
878.

0.
1.0
819.5
175.
0.0
2.8
801.0
80.0
0.0
4.1
795.5
125.
0.0
5.8
2.8
100.
0.0
6.5
759.
75.0
0.0
0.06
0.0%
6.06
0.04
0.05
0.033
0.0
0.0

00 0
393,
900,
896.5
897.5
433,
2.
12.
1650.
12.

820.
200.0
0.0

805.0
80.0
0.0

796.0
125.0
9.0

796.0
103.
g9.0

760.0
82.0
0.0
0.06
0.05

" 0.04

0.04
0.05
0.18
0.0
0.0

CRYSTAL LAKE BROOK STORCH ASSOCIATES
1616 SOLDIERS FIELD ROAD

0

a21.
200.0
100.0

32.75
50.0
0.9

8.0
125.0
0.0

798.0
103.0
8.0

786.0
115.0
0.0
0.06
0.0%
0.04
0.04
0.05
0.03%
0.0
8.1

3ne.
a92.
a87s.0
0.0
1216.
4.

837.75
115,
$0.

az.
200.0
105.0

815.0
180.0
1450.0

806.0
140.0
0.0

799.
138.
0.0

T74.0
115.0
20.0
0.06
0.05
0.04
0.04
0.05
0.085
0.0
0.5

0.
s7e.
57.0

19%9.
5.5

- 190.9

820.0
380.0
1910.0

780.0
115.0
115.0
0.06
0.05
8.04
0.04
0.05
0.07
0.0
59.0

BOSTON, MA 02135
2 ‘

0.8 ars.
0.0 442,
e,
6.

¢ L

5 6
895, v,
115, 115,
ot 140.
827; 8zs. .-
200.0 200.0
260.0 300.0
a30.0 235.0
180.0 180.0

2635.0 2698.0

810.5 815.0
155.0 155.0

c.0 810.0
805. 810.
138. 138.
300. 500.
785.0 790.0
115.0 115.0
175.0 190.0
0.06 0.06
0.05 0.05
0.04 0.04
0.04 0.04
0.05 0.05

0.0
e7.

385.0

840.0
180.0
3310.0

820.0
155.0
1850.0

815.
138.

800.0
115.0
215.0
0.06
0.05
0.04

0.04



- APPENDIX B
OUTPUT DATA FILE



PROGRAN DAMBRK---VERSION-07/18/84
NICROCOMPUTER VERSION - R.G. TRAVER

ANALYSIS OF THE DOWNSTREAM FLOGD HYDROGRAPH

PREGDUCED 8Y THE DAM BREAK OF

CRYSTAL LAKE DAM

CRYSTAL LAKE BROODK

ANALYSIS BY

STORCH ASSOCIATES
1616 SOLDIERS FIELD ROAD
BOSTON, MA 021335

BASED ON PROCEDURE DEVELOPED BY

DANNY L. FREAD, PH.D., RESEARCH HYDROLOGIST
HYDROLOGIC RESEARCH LABORATORY
W23, OFFICE OF HYDROLOGY
NOAA, NATIQNAL WEATHER SERVICE
SILVER SPRING, MARYLAND 20910



SELRRESBSRRALRARRNANALRNLLIINNE
SERRREIRSLBILERERITLATILILIINLN

1 1 4]
188 SUMMARY OF INPUT DATA 21t
t 41

IERLRLLNSTIRLITILARARIASALLLANLS
PRELERSRLILILNASLRINLALARLILNLL

INPUT CONTROL PARAMETERS FOR CRYSTAL LAKE DAM

PARAMETER VARIABLE VALUE
EREESISRRLACITSRSLAIALRURRRAITATELRSRISRTRTLLRLINEL R200E  — fENLiNL
NUNBER OF DYNAMIL RGUTING REACHES KKN !
TYPE OF RESERVOIR ROUTING ’ Kui - 6
MULTIPLE DAM [NDICATOR MULDAM 0
PRINTING INSTRUCTIONS FOR INPUT SUMMARY KNP 5
NO. OF RESERVGIR INFLOW HYDROGRAPH POINTS - [TEHW - 2
INTERVAL OF CROSS-SECTION INFD PRI‘TED OUT WHEN JNK=9 NPRT 0
FLOOD-PLAIN MODEL PARAMETER KFLP G
LANDSLIDE PARAMETER KSL 0.

I0PUT= 00000006000 0 O

CRYSTAL LAKE Da®  RESEAVOIR
TABLE OF ELEVATION VS SURFACE AREA
SURFACE AREA (ACRES)  ELEVATION (FT)

SALK) HSA(K)
EEREBABLERALALLLELLLN LELBLURALLIILILL

198.0 904,00
393.0 900.90
388.0 896.00
3120 - 892,00
0 478.00
R .00
.0 .00

.0 .00



CRYSTAL LAKE DAM RESERVGIR AND BREACH PARAMETERS

_ PARANETER UNITS VARIABLE VALUE
SEESEEERRRSTRSAEAASSLRITNRLLRNRRLRINERALEEE SARTREL  S2000L  SRSRLLILLLLL
LENSTH OF RESERVCIR Mi ALM 1.50
ELEVATION OF WATER SURFACE FT i 896,50
SIBE SLOPE OF BREACH- 1 .00
ELEVATION OF BOTTOM OF BREACH FT YBNIN 878.00
WIDTH OF BASE OF BREACH FT 88 ©o57.00
TIME TD MAXIMUM BREACH SIIE W TRH .80
ELEVATION (MSL) OF BOTTON OF DAM F1 DATUN 878.00
VOLUME-SURFACE AREA PARAMETER ' voL 00
ELEVATION OF WATER WHEN BREACHED F1 HF £96.50
ELEVATION OF TOP OF DAM FT HD 897,50 -
ELEVATION OF UNCONTROLLED SPILLWAY CREST  FT WP . 892.00
ELEVATION OF CENTER OF GATE OPENINSS FT HET .00
DISCHARGE COEF. FOR UNCONTROLLED SPILLWAY Cs .00
DISCHARGE COEF. FOR GATE FLOW ] .00
DISCHARGE COEF. FOR UNCONTROLLED WEIR FLOW £00 442,00
DISCHARGE THRU TURBINES ' _EFS 0T . 27,00

QSPILLIK,1) HEADLK, 1)
154, 1.0
433, 2.0
793. 3.0
12té. 4.0
1949, 5.5
2270. 6.0
0. 0
0. 0
DHF (INTERVAL BETWEEN INPUT HYDROGRAPH ORDINATES) = .00 HRS,

TEH{TINE AT WHICH COMPUTATIONS TERMINATE) = 12.0000 HRS.



INFLOW HYDROGRAPH TG CRYSTAL LAKE DAM
P EEe I bE iR R iRyt cbattiqbsastiRaibisi

1650.00  1450.00 .

TI#E OF INFLOW HYDROSRAPH ORDINATES

L0000 12,0000



CROSS-SECT TONAL PﬁﬁﬂiETERS FOR  CRYSTAL LAKE BROOK

BELOW CRYSTAL LAKE DAM

PARANETER

VARIABLE

TIROBERLESLRNSLERTORIATNRLLANSRUSLLIRIRRERNLILILINL L0888

NUMBER OF CROSS-SECTIONS

MAXINUM NUMBER OF TOP WIDTHS

NUMBER OF CROSS-SECTIONAL HYDROSRAPHS T
TYPE OF OUTPUT OTHER THAN HYDROGRAPH PL
CROSS-SECTIONAL SMODTHING PARAMETER
JOWNSTREAN SUPERCRITICAL OR NOT

NO. OF LATERAL INFLOW HYDROGRAPHS

NO. OF POINTS IN GATE CONTROL CURVE

NUMBER OF CROSS-SECTION WHERE HYDROGRAPH DESIRED

(MAY NUMBER OF HYDROBRAPHS = &

EEERR SR IARILL iRt Risieatisrtitevisesiit

1 2 3 4 3

0 PLET

T8

}

b

NS
NCS
NTT
JNK
KSA
KSUPC
W

KCG

CROSS-SECTIONAL VARIABLES FOR  CRYSTAL LAKE BROOK

BELCW CRYSTAL LAKE DAM

"PARAMETER

LOCATION OF CROSS-SECTION

‘ , UNITS VARIABLE
SEENSSSRNENETERIRAANNSELTOSARISLAREEINISE SRIRERE  ARRIRY

ni

ELEVATION {NSL} OF FLOODING AT CROSS-SECTION FT

ELEY CORRESPONDING TO EACH TOP WIDTH

TOP WIDTH CORRESPONDING TG EACH ELEV
(ACTIVE FLOW PORTION)

TGP wIDTH CORRESPONDING TD EACH ELEV
(QGFF-CHANNEL PORTION)

SURFACE AREA CORRESPONDING TO EACH ELEV
(ACTIVE FLOW PORTION) '

SURFACE AREA CORRESPONDING T EACH ELEV
(OFF-CHANNEL PORTION)

NUNBER 0f CROSS-SECTION
KUMBER OF ELEVATION LEVEL

FT
F1

f1

ACRES

ACRES

150D
FSTGL1)

HS{K, I}
Bs{K, 1}

BSS(K, 1)

DSALK,I)

554K, I}

VALUE
i

6



CROSS-SECTION NUMBER 1 :
FRREEITALELSRLIRTARLINNES T

180 = 010 FSTGIN) = .00 XGL(D) = 90 ISR(I) =

#S ... 878.0 883.C B84.8 B87.86 892.0 895.0 B99.¢ 900.0
s ... 80.0  80.0 1130 150 150 H5.0 150 180

BSS ... .0 Bij 0 50,0 82.0 97.0 140.0 228.0

CROSS-SECTION NUMBER 2
IRLERIRLERERLRRTALLLLILY

X5(I) = 1,000 FSTR(D) = .00 sun = . COASR(D) =

HS ...  #19.5 820.0 821.0 823.0 825,0 @§27.0 828.0 B30.0
85 ... 175.0 200.0 200.0 200.0 200.0 200.0 200.0 200.0

BSS ... W0 0 100.0  105.0 190.0  260.0 30C.0  JES.0

CROSS-SECTION NUMBER 3
IRELLITIRILERERLLNAILTLLL

LGi1h = 2,800 FSTG(L) = .00 15LLD) = .0 KSALD) =
HS -...  801.,0 805.0 812.8 815.0 82¢.0 830.0 B835.0 840.0
85 ... go.0  8¢.0  B0O.0 1B0.0 §B0.¢ 1B0.0 180.0 180.0
855 ... .0 .0 .0 1450.0 1910,0 2435.0 2498.0 3310.0

EROSS-SECTION NUMBER 4
LRERRIIITRRLABIRRLSRILILL

Sty = 4,100 FST6(I) = .00 15L( = 0 15R{§} =

H§ ... 795.5 9.0 T796,0 §00.0 805.0 B610.5 813.0 620.0
s ... 125,06 125.0 125.0 140.0 135,06 155.¢ 135.0 155.0

BSS ... .0 .0 0 0 .0 .0 Bl10.0 1850.0

.0

.0

.0

N



CROSS-SECTION NUMBER S
SEERTLLINLRLLATIRLLINENLS - -

XS(I} = 5,800 FSTB(D = 00 SUD = .0 XSACD) =

HS ... 792.8 790 794.0 T799.¢ 800,0 803.0 810.¢ 813.0
i ... 100.0 03,0 103.0 138.0 138.0 138.0 138.0 138.0

8ss ... .0 .0 0 .0 200.0 300.0 500.0 500.0

CROSS-SECTION NUMBER &
ELRERRARRITRLLASLALALILLLL

i5:1) = 56,500 FSTR{D) = 00 CoAsLD = T L0 - OASRUDY =

HS ... 759.0 760.0 7h6.0 774.0 780.0 785.0 790.0 g00.0
B ... 73.0 82,0 115.0 115.0 115.0 115.0 115.0 113.0

Bss ... +0 .0 0 20,0 1150 175.0 190.0  215.0

0

.0



WANNING N ROUGHNESS COEFFICIENTS FOR THE GIVEM REACHES
(CM(K,[},K=1,NCS} WHERE 1 = REACH NUMNBER
CEERRETRLSRERRABRLLASLLIASIORARCRELARILLLISISLILSLLSELS

REACH

REACH

REACH

REACH

REACH

1

“re

+060

050

040

040

050

.060

.0530

040

.040

.050

086

.050

040

.040

.030

040

.050

040

040

.050

. obo

.030

(40

040

050

050

.030

040

040

050

060

050

040

040

.050°

060

.030

.040

040

.030



CROSS-SECTIONAL VARIABLES FOR  CRYSTAL LAKE BROGK
BELOM CRYSTAL LAKE DAM

PARAMETER UKITS VARIABLE
BERSASSUBELRRESRRBLERNSROINRLRRENIRUIIALS  FRENTN  BROANYE

#ININUN CONPUTATIONAL DISTANCE USED NI UH IR
BETWEEN CROSS-SECTIONS

CONTRACTION ~ EXPANSION COEFFICIENTS FKCLT)
BETWEEN CRGSS-SECTIONS :

REACH NUMBER DXMID)  FKC(T)
SIESLSNREONNES  MRRMNSRE  BENRRARY
{ 033,000

2 180 .000

3 050 .000

4 085 000

3 070 000



" DOWNSTREAM FLOW PARANETERS FOR  CRYSTAL LAKE BRODK

BELOW CRYSTAL LAKE DAM

PARANETER UNITS VERIABLE  VALLE
EESSSTRUNSERASRT AR Reeaaa Rt aasites a2 020 245002 IBRRNLRUALRNLS
NAX DISCHARGE AT DOWNSTREAW EXTREHITY CFS  QNAXD 0
NAX LATERAL OUTFLON PRODUCING LOSSES CFS/FT Ol 000
INTTIAL SIZE OF TINE STEP KR OTHM 1000
INITIAL WATER SURFACE ELEVATION DOMASTREAM  FT YN 50
SLOPE OF CHAMNEL DOWNSTREAM OF DAM FT/HS | SOM 59.00
THETA WEIGHTING FACTOR THETA .00
CONVERGENCE CRITERION FOR STAGE -~ FT - E?s'_f_ 000
[INE AT WHICH OBW STARTS TOFAIL W - TFI 1.00

LATERAL INFLOW REACH NUMBER
LOX(D)

3

(@LiL, 11,L=1,0TER)

8000, 8000,

fOTAL KUMBER OF CROSS SECTIONS (ORIGINAL+INTERPOLATED: (M) = 97

TOTAL VOLUME IN RESERVOIR BEHIND
CRYSTAL LAKE DAN = 4318.2 ACRE-FEET

DEFINITION OF VARTABLES IN RESERVOIR DEPLETION TABLE

PARANETER UNITS VARIABLE
FRIRANRERARIRSARLLERLIRTILABLNLIILALITLRLY  LURIRIL L2881

TEME STEP FRGOM START OF ANALYSIS I

ITERATIONS NECESSARY TO SOLVE FLOW EQUATIONS K

{MAXIMUN ALLOWABLE =

200



ELAPSED TIME FROM START OF ANALYSIS HRS

TCTAL QUTFLOW FRGM DAM CFS
ELEVATION OF WATER SURFACE AT han FT
ELEVATION OF BOTTOM OF BREACH FT

EST DEPTH OF FLON IMMEDIATELY OOMNSTREAN FT

SUBNERGENCE COEFFICIENT

VELGCITY CORRECTION

TOTAL VOLUNE DISCHARGED FRON TIME OF BREACH AC-FT
BREACH WIDTH  FT BB

RECTANGULAR BREACH DISCHARGE COEFFICIENT

INFLOW TO RESERVOIR CFS,
BREACH OUTFLOW CFS

SPILLWAY QUTFLOMW CF5

TTPLI)
8t
H2
Y8

0

su8
VCOR

gurvoL

COFR
areiy

0BRECH

asPIL
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0
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1
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1
1
|
1
1
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1
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1
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1
l
I
t
1
i
1
1
t
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b
1
t
1
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.000
.016
.032
,048
.0b4
.080
.09
12
128
184
160
76
192
208
224
,240
256
;g??
,288
. 304
120
338
352
.368
.384
400

416
432 .

448
404
. 480
4%
.312
328
544

360

574
392
.508
524
640
436
472
.488
J04
J20
WAL
732
768
704

RESERVOIR DEPLETION TABLE

an
e

1487
1487
1487
1488
1494
1503
1522
1546
1377
1617
1665
1723
1790
1867
19534
2051
. 2161

o8

2417
2563
iy
2897
3085
3287
3504

. 335
3984
249
4529
4826
5140
5470
5818
5184
6568
6970
1392
7833
8295
8778
9280
9805

10353
10924
11520
12141
12789
13465
14173
14910

H2
1

894.50
8%6. 50
89.50
896.50
896.50
896.50
896.50
896.50
89,50
896.50
896.50
896.50
896.50
896.50
896,50
8%.50

" 894,50

89¢.50
896.4%
896.49
896.49
B96.48
896.48
89&.47
896.47
896.44
896.43
896,45
896.44
896.43
895.42
896.40
895.39
496.37
496.36
896,34
896.32
896.30
896.28
896.26
896.23
896.20
8%s.18
896.15
B%%. 11
89s.08
896.04
896.00
893.%
893.92

|

1T E4Y]

897.50
897,11
896.72
895,33
895.94
895,55
895.16
894,77
894,38
893.99
893,60
893,21
892.82
892,43
892,04
891,45
891.26
890.87
890,48
899,09
889.70
289,31
488,92

888.53 .

808.14
987.75
887.36
886.97

" 886.58

884.1%
885.80
863.41
885.02
884.43
884.24
883.83
883.45
883.07
882.48
882.29
881.9¢
881.51
Ba1.12
880.73
860.34
879.93
879.38
B19.17
878.78
878.39

b
m

881.24
881.24
g81.24
891.24
8681.25
881.26
8B1.26
8081.31
881.35
881.40
801,46
881.33
881.62
881, 7t

881.8¢

881.93

- 882,03

862.18
882,33
882.49
882.63
882.83
#83.02
883.27
883.53
883.79
fB84.04
884,33
884,61
§84.89
865.19
883.47
883.76
884.035
886.35
986.463
884.90
987.15
487.3%
867,64
987.90
96d. 16
800.43
868,79
888,98
889.27
889.56
889.85
890. 16
890.47
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1 H
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0.8
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36.3
37.8
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4.7
47.9
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1630,
1650,
1650,
1650,
1650,
1530.
1630,
1630,
1650.
1630,
1650,
1630,
1650,
1680,
1630,
1630,
1650,
1630,
1650,
1630.
1450,
1650,
1630,
1630.
1650,
1630.
1650.
1630,
1450,
1450,
1650,
1856.
1650.
1650,
1630,
1650,
1650,
1650,
1650,
1656,
1630,
1630,
1630.
1430,
1650,
1650.
1850,
1630,
1650,
1630,

(ABRECH
T

0.
0.
0.
t.
b,
17.
34,
37,
g8.
128.
175,
234,
302.
380,
469,
569.
682,

807,

44,
1093,
1259,
1436,
1628,
1833,
2057,
2294,
2545,
2013,
3100.
3402,
371,
4038.
4413,
4785,
5177,
3588,
6019,
4470
8942,
7435,
7951,
8489,
9051,
9638,

10249,
10888,
11554,
12249,
12974,
13729,

gsriL
3831

1887,
1488,
1488,
1488,
1488,
1489,
1489,
1489,
1489,
1489.
1489,
1489.
1489,
1468,
1483,
1482,
1479,
1476,
1473,
1449,
1446,
1462,
1437,
1452,
18447,
1442,
1434,
1434,
1430,
1425,
1419,
1413,
1406.
1399,
1391,
1383,
1373,
1354,
1333.
134¢,
1329,

1318,

1302,
1287,
271,
1254,
i236.
1217,
1199,
181,



RESERVOIR DEPLETION TABLE

[ K TR} gLl HZ .: YB D SUB vCOR  OuivoL 8B COFR aItly  GBRECH gSRIL
BEE 63 LERRES  BESREBEE  ERERATL  LATBEET  LRTERIT  4pxd RRRE RpRtazE: bbb Mk mIte s {1114

311 .80 15648 895,87 878.00 890.77 .00 1.10 353.6 97.0 3.10 1630, 14487, 1161,
52 1 .Bl4 15667 895,82 978.00 ©90.78 (.00 1.10 4.3 570 .10 1650, 14526, 1141,
3t 832 15600 893,77 878.00 890.75 1.00 1.16 393.0 57.0 3.i0 1650, 14480, 1121,
M1 848 15922 895,73 878.00 890.7% 1.00 L.}¢ 413,64 957.0 3.1¢0 1630. 14422, 1101,
38 1 .84 15443 893.68 878.00 990.4% 1.00 (.10 436,0 57.0 .10 1650, 14382, 1081.
"9 1 .88 15363 895.83 678.00 890.66 1.00 (.10 456.4 97.0 3.10 1630, 14301, 1061,
57 1 .8% 15284 993.39 878.00 890.62 1.00 1.10 76,7 97.0 .10 1656, 14244, 1041,
w1 92 15206 893,54 878,00 670,59 1.00 1.10 §9.8 57.0 3.10 1650, 14185, 1621,
5¢ t .98 151289 993.49 878.00 B90.3& {.00 1.1 3169 7.0 3.10 1650, 14127, 1002,
CLUNE S 15051 895,45 878,00 690,53 {.00 1.10 5348 57.0 3.00 1650, 14049, 982,
al 1 .90 14974 893.40 878.00 890.49 1,00 1.10 956.7 37.0 .10 1450, £4012, 983.
62 1 .97 14897 895.356 878,00 9890.46 1.00 1.16 T 576.4 S57.0 3.10 1850, 139533, 943.
3 1 .M 14922 895.31 870.00 890.43 1.00 1.t 9.1 57.0 3.10 1650, 13698, 924,
64 1 1,008 14746 893.27 678.00 990.40 (.00 (.10 613.6 57.0 3.10 1650, 13841, 903.
43 1 1.024 14671 895.22 078,00 890.37 1.00 1.09 635.1 57.0 3.0 1630, 13783, 886,
b6 1 1.040 14597 €95.18 678.00 890.34 i.00 1.09~ 654.4 37.0 3.1¢ 1630, 13730, 87,
67 1 1.006 14523 993.13 878.00 890,30 1.00 1.09 673.7 7.0 .10 1650, 13474, 849,
o8 i 1.072 14449 895.09 B878.00 890.27 1.00° 1.09 - 92,8 57.0 310 1630, 13420, §30,
6% L 1.088 14376 895,04 878.00 890.24 .00 1.09 711.9 57.0 3.10 1830, 13363, 8it,
61 1,104 14303 895,00 878.00 990.21 .00 .09 730.9 57.0 3.10 1650,  133i1. 193.
1 1120 14233 894.96 078.60 890.18 1.00 1.09 9.7 §7.¢ 3.1¢ 1650, 13497, m.
771 1136 i4165  894.91 878.00 890.13 1.00 1.09 768.5 57.¢ 3.10 1630, 13403 162,
731 1132 1409 894,87 878.00 890.12 1.00 1.09 787.2 37.0 3.10 1630, 13331, - Téh,
74 1 1,168 14028 B894.83 978,00 890.0% 1,00 .09 g05.8 37.0 .10 1850, 13298. 13t
75 1 1.184 13961 894,78 878.00 890.07 (.06- 1.09 824.3 37.0 l.10 1450, (3246, - 718G,
T6 1 1200 13894 894.74 878.00 890.04 1.00 1.09 842.7 57.0 3.10 1650, 13194, 700.
77 1 216 13827 894,70 678.00  8@90.01 1.00 1.09 86,0 57.0 3.10 1630, 13142, 483.
Bt 1,232 13760 B94.66 §78.00 889.98 1.00 1.09 879.3 5.0 J.10 1650. 13091, 470.
7?1 l.248 13694 894.62 878.00 8BF.9% 1.00 1.09 897.4 57.0 3.1 1830, 13040, 4335,
80 1 1.264 13629  894.37 878.00 B89.92 1.00 1.09 9153.3 7.0 3.16 1630, 12989, 440,
gt 1 1.280 13564 B94.33 878.00 8B89.89 1.00 1.09 9335 §7.0 3.10 1650, 12939, 823.
82 1 1.2% 13499 B94.49 g78.00. BB9.87° |.00 1.09  95i.4 37.0 3.10 1650, 12889, 510,
B85 1 1.32 13434 894,45 876.00 B889.84 1.00 1.09 949.2 57.0 3.40 630, 12840. 3935.
84 1 1.328 13370  894.41 §78.00 B8B9.81 1.00 1.09 986.9 37.0 .10 1630, 12790, 381,
83 1 1.344 13307 894.37 878.00 9B89.7% 1,00 .09 1004.5 57.0 3.10 1650, 12741, Sbé.
g6 1 [.360 13244 894,33 §78.00 .8@9.76 1.00 1.09 1022.1 §7.0 .10 16850, 12692, 332.
87 1 1.374 {3181 894.2¢ 478.00 889.73 1.00 1.09 i039.6 57.0 1.10 1630, 12044, 337.
g8 1 1.392 13118 894.25 878.00 8689.70 1.00 1.09 1057.0 57.0 3.10 1650, 12598, 323,
89 1 1.408 13052 994.21 §18.00 6BY.67 1.00 1.09 1074.3 57.0 3.10 1830, 12548, 509.
0 1 1.42¢ 12994 894.17 878.00 8@9.55 1.00 1.09 1091.5 57.0 3.1¢ 1650, 12300, 494,
91 1 1.440 12933  894.13 878,00 B@9.62 1.00 .09 1108.6 57.0 3.10 1650, 12433, 480,
92 1 1.45 12872 894.09 876.00 0689.59 .00 1.09 125.7 §7.0 3.1¢ 1650, 12404, 4hb,
93 1 1.472 12811 €94.05 879,00 889.54 i.00 1,09 1142.7 7.0 3.10 1630,  §2339. 432,
94 1 1.468 12751 894,01 878.00 B889.54 1.00 1.09 115%.6 57.0 3.16 1830, 12313, 438,
9 1 1.504 12693 893.98 878.00 889.51 1.00 .09 1176.4 57.0 3.10 1650,  12247. 426,
96 1 1.520 12636  893.94 878.00 B89.49 (.00 1.09 1193.1 37.0 3.1¢ 1630, 12221 414.
97 1 1.538 12580 893.90 B878.00 889.44 1.00 1.09 1209.8 57.0 3.10 1630, 12176, 405.
9 1 1,552 12525 893.86 878,00 B89.4M4 1.00 1.09 1226.4 57.0 .10 1630. 12131, 394,
991 1,568 12469 893.82 878.00 88%.41 1.00 1.09 1242,9 57.0 310 1630, 12086, g4,
106 1 1.384 12414 893,79 878.00 ©89.39 .00 1.09 1259.4 37.0 1.10 1650, 12042, in.
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11§
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122
123
124
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i2b
177

128 -

129
130
131
132
133
134
135
t36
£37
138
139
149
141
142
143
44
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TTR{D)
31874

1.500
1.618
1.437
1.658
1.682
1.707
1.736
1.767
1.801
1.839
;)
1.924
1.974
2,032
2.092
2,159

2.23% .

2.314
2.403
2.500
2.408
.72
2.857
3.000
3.158
31331
3.522
3.731
3.962
4,214
4,495
§.802
9.140
5.512
5.920
a.370
6.955
1.809
8.007
8.663
9.390
10.186
it.062
12.028

arn
1318480

12360
12300
12233
12164
12086
12001
11909
11808
11699
11580
11451
11312
11a1
10997
10822
10632
10427
10204
9963
9863
9639
9427
974
89¢s
2514
8302
73468
7513
. 1238
4862
6481
4030
5891
5288
48835
4481
4099
3126
33
30486
A
2438
2203
2020

RESERVOIR DEPLETION TABLE

H2
tusnn

893.75
893.71
893.66
893.61
893.56
893.50
893,44
893.37
893.2¢
893.21
893,12
893.02
892.92
8972.80
892.48
892,54
892,40
892,24
892.08
891.9¢
891.70
891,49
891.25
89t.00
£90.73
£90.44
890,13

889.79

489.43
889.0¢
860.65
© 8A8.23
867.78
887.32
886.04
884.34
805.84
885.34
§84.84
884,36
883.90
£83.50
883.15
282.88

© 7Y

1113331

878.00
878.00
#78.00
§78.00
a78.00
874.00
878.00
878.00
878.00
878.00
978.00
878.00
870.00
878.00
a78.00
878.00
878.00
870.00
878.900
878,00
§78.00
878.00
878.00
878.00

878.00.

878.00
874,00
878.00
878.00
878.090
878.00
878.00
878.00
878.00
878.60

- 879.00

878,00
878.00
878.00
878.00
§78.00
876.00
878.00
878.00

)
1

889.36
989.34
889.31
889.28
809.24
889,20
889,16
889.12
§89.07
889.01
888.93
8ae.89
ga8.82
288.74

888.44

888,357
goe.47
6@e.38
Be8.29
888.19
§88.09
887.97
- 887 .83
8a7.71
887.54
887.39
887.22
887.03
gd6.82
89s.57
986.28
885.90
985,63
8e5.31
84,95
884.57
884,19
883.74
883.37
862,97
862.63
882.35
882.09
BB!.89

SuB
un

1.00
.00

1.00

1.00
1,00
1.00
1.00

1,00
1,00

t.00
1.00
1.00
1.00
1-00
1.00
1.00
99
99
9%
99
99
.99
99
99
.99
.98

.98

.98
97
97
97
.96
.96
.96
96
.93
.93
.95
.94
Hh
95
95
95
.
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1341

.09
.09
09
-0
09
ﬂoq
.09
.oq
09
.09
.09
.09
09
09

09

ouTvOL
s

1275.8
1293,7
1313.3
1334.8
1356.3
1383.9
1441,9
1442,5
1475.8
1512.1

_1581.6
15945
1641.2
1691.9
1746,5
1805.8
1689.8
1938.7
2012.9
2093.0
2179.9
2273.3
2373.4
2480, 4
2594,5
15,7
2843.9
29790
3120.4
3268.5
3422.4
3582.0
3746.4
3915.0
4086.9
4260.9
4436.3
4612.3
4787.8
4962.5
5135.1
5304.9
5473.0
5641,3

B9 COFR

mn

57.0
57.0
57.0
57.0
57,0
57.0
5§7.0
57.0
57.0
57.0
57,0
57,0
57.0
57.0
57.0
57.0
57.0
57.0
57.0
57.0
57,0
57.¢
57.0
57.0
57.0
57.0
97.8
57.0
57.0
57.0
57.0
57.0
57.0
57.0
7.0
57.0
57.9
57.0
57,0
57.0
57,0
51.0
57.0
57.0

F14]

» & & & s =

& & & 3 = & +# = T =

« ® ® * & & = = =
e e e e

v = = =

-
QEGOOOOOQOQOOQOGOOOOOQOOQOQOOCDOOOOOQOQOOQOQ

umuwuwuwuwwuuuwwuwaw?&uuummmuwuwumwwmwuwwwww
. -

Y
—

e
3]

1650.
1630.
1650,
1650.
1630,
1630.
1630,
1630,
1830,
1630.
1650,
1650.

1650,

1650.
1630.
1630,
1650,
1436,
1650,
1630.
1650,
1650.
1630,
1650,
1650,
1430,
1430,
1630.
1650,
1456,
1650,
1630.
1450,
1850,
1650.
1650,
1450,
1630,
1630,
1650,
1630,
1650,
1650.
1630,

(GBRECH
188

11997,
11949,
11897,
11839,
11776,
11708.
11633,
11552,
[1464,
11368,
11264,
1152,
11031,
10899,
10758.
10604,
10441,
10262.
10070,
983,
G660,
9428,
9175,
§906.
8615.
8302
7968,
7814,

1259,

bds2.
6484,
6090,
589%.
3268,
4885,
4482,
4099,
172,
3373,
3047,
2121,
24348,
2204,
2020.

85PIL
3314

343,
35t
339.
325,
310,
294,
278,
257,
235.
212,
t87.
160.
131,



PARANETER -

UNITS VARIABLE

VALUE

ESURRERRRLLLNROARERSRLIRRURERTRREESRRETLRY SORA2ED  SORLRT 8880300t

INITIAL FLOW

MAY FLOW

FINAL FLOM

TIME 7O MAX FLOW
NUMBER OF TIME STEPS

TETAL VOLUME DISCHARGED FRDM RESERVOIR

CFS at)
K3 ax
CF§ aiNy)
HRS iy
NRU

AC-FT  DBISvOL

1487,

5667,

2020,

.82

144

J041.



TIME PARAMETERS OF OUTFLOW HYDAOGRAPH IMMEDIATELY DOWNSTREAM OF DAM
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TIME 1O PEAK ELEVATION PROFILE
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DISCHARGE HYOROGRAPH FOR
BELOM CRYSTAL LAKE DAM
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DISCHARGE HYDROGRAPH FOR  CRYSTAL LAKE BROOK ... STATION NUMBER 3i
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HISCHARGE HYOROGRAPH FOR  CRYSTAL LAKE BROOK ... STATION NUMBER 4i

. BELOW CRYSTAL LAKE DAM AT MILE 2.80
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DISCHARGE HYDROGRAPH FOR
BELOW CRYSTAL LAXE DAM

GAGE IERQ =
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CRYSTAL LAKE BRODK ... STATION NUHBER &7
1.10

MAX ELEVATION REACHED BY FLOOD WAVE = 814.29
FLOOD STAGE NOT AVAILABLE
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DISCHARGE HYDROGRAPH FOR
. BELOW CRYSTAL LAKE DAM

GAGE IERQ =
HR  STAGE
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CRYSTAL LAKE BROOK ... SYATION NUMBER 87
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DISCHARGE HYDROGRAPH FOR  CRYSTAL LAKE BRODK ... STATION NUMBER 97

_ BELOW CRYSTAL LAKE DAM AT MILE b.30

GAGE IERD = 739.00 MAX ELEVATION REACHED BY FLOGD WAVE = 768.3b

FLOOD STAGE NOT AVAILABLE
MAX STABE = 9.3b AT TIME = 5.040 HOURS
MAX FLON = 15273 AT TIME = 4.040 HOURS
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APPENDIX C
BREACH FORMATION AND
SIZING CALCULATION
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